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SUMMARY OF LOCUS-TO-LOCUS LINKAGE ASSAYS IN SOYBEAN (Glycine max (L.) Merr . ) 
In 1984, a summary of locus-to-locus linkage data was published in the 
Soybean Genetics Newsletter (Yee and Palmer, 1984; reference 107) . This list 
was not complete, although it did bring together information from a wide num-
ber of sources . A great deal of information on soybean linkage assays exists 
in the literature, or in manuscripts in preparation. The current article is 
designed to combine all of the available information of linkage assays per-
formed on soybeans. Information on the 172 pairs assayed by Yee and Palmer 
(1984) has not been reproduced. The 495 pairs reported here bring the total 
number of soybean loci pairs assayed for linkage to 667 . 
Since this article was compiled by a small number of people, there are 
liable to be errors and omissions. However, the authors did their best to be 
thorough and accurate. If you are aware of any omissions , please submit them 
to the Soybean Genetics Committee for inclusion in a subsequent list . The 
listing of a linkage assay in this article does not imply agreement with the 
results. This a rticle merely repeats data from the literature, or in manu-
scripts submitted to the Soybean Genetics Committee . 
In order to save space, only a single assay by a single author is report-
ed for unlinked loci . The assay reported was that which involved the largest 
population. Assays that involve unlinked loci, and were first reported in 
Yee and Palmer (1984), were not reported here , even when this work was done by 
a different group of researchers. 
The symbols for the soybean loci start with either upper or lower case 
letters: symbols starting with upper case letters refer to isozyme or pro-
tein loci (e.g., adhl, Ep), while symbols starting with lower case letters 
refer to all other l oci (e.g., ab, rpsl). 
There are two designations used which are abbreviations for Phytophthora 
and nodulation response, These are Rps? and Rj? . Refer to the original 
reference for a more complete description of these designations. 
B. D. Rennie 
University of Guelph 
R. G. Palmer - USDA ARS 
Iowa State University 
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Locus-to-locus linkage assays in soybean 
Linkage 1 Ra t io Population 2 Map 3 Ref. 
Loci group evaluated size dis t ance 
ab - del 9:3:3:1 no data shown 82 
- g 9: 3:3:1 no data shown 82 
- i (, 7) 9 : 3:3:1 no data shown 82 
- wl (. 8) 9 : 3: 3 : 1 no data shown 82 
- yB 9:3:3:1 no data shown 82 
- y9 9: 3: 3: 1 no data shown 82 
- ylO 9: 3: 3: 1 no data shown 82 
----------------------------------------
A col - Ap (, 9) 4:2:2:2:2:1:1:1:1 277+ 35 
- Dial 4:2:2:2:2:1:1:1:1 272+ 35 
- Enp 4:2:2:2:2:1:1:1:1 277+ 35 
- Ep (,12) 6 : 3:3:2:1:1 195* 35 
- Idhl 4:2:2:2:2:1:1:1:1 276+ 35 
- Idh2 4:2:2 : 2:2:1:1 : 1: 1 113 35 
- Spl (. 1) 4: 2: 2 : 2:2:1:1:1:1 276+ 35 
- t (. 1) 6:3:3:2:1:1 212* 35 
- wl (, 8) 6:3 :3: 2 : 1: 1 180* 35 
Aco2 - Adhl (,8) 6:3:3 : 2 : 1:1 220 28 
- Ap (,9) 4:2:2:2:2:1:1 :1 :1 220 28 
4:2:2 : 2:2 :1:1:1:1 126 35 
- Dial 4 : 2:2 : 2:2 :1:1:1:1 219 28 
4:2:2 : 2:2:1:1:1: 1 432 35 
- Enp 4:2:2:2:2:1:1:1:1 432 35 
- frl (. 12) 6 : 3:3:2:1 : 1 399 35 
- Idhl 4:2:2:2:2:1:1:1 : 1 317 35 
- Idh2 4:2:2:2:2:1:1:1 : 1 389 35 
- Spl (,1) 4:2:2:2:2:1:1:1:1 124 28 
4:2:2:2:2:1:1:1:1 128 35 
- wl (. 8) 6:3 : 3:2: 1 : 1 314 35 
---- ------------------------------------
Aco3 - Acol (1,) 4:2:2 : 2:2: 1:1:1:1 266+ 35 
- Aco2 (1 ,) 4: 2:2 : 2: 2:1: 1:1:1 218 35 
- Aco4 (1,) 4:2:2 : 2 : 2:1:1:1:1 222+ 35 
- Ap (1, 9) 4:2:2:2:2:1:1:1:1 117+ 35 
- Dial (1,) 4:2:2:2:2 :1: 1:1: 1 207 35 
- Enp (1,) 4:2:2:2:2:1:1:1 : 1 468 35 
- Idh2 (1,) 4:2:2 : 2:2:1:1:1:1 249 35 
- Spl (l, l) 4:2:2:2:2:1 : 1:1 :1 527 6% 35 
4 : 2:2 : 2:2 :1:1:1:1 192 31% 35 
- t (l, l) 6:3:3:2 :1:1 147 29% 35 
----- -------- -------------- --- -- ---- -- --
Aco4 - Acol 4:2 : 2:2:2:1 : 1:1:1 277+ 35 
- Aco2 4:2:2:2 : 2:1:1:1:1 397 35 
- Adhl (,8) 6:3:3:2 : 1:1 221 28 
- Ap (,9) 4:2:2 : 2:2: 1:1: 1:1 220 28 
4:2:2 : 2:2:1:1 : 1:1 320 35 
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Locus-to-locus linkage assays (continued) 
Linkage 
l Ratio Population 
2 Map 3 Ref. 
Loci group evaluated size distance 
Aco4 - Dial 4:2:2:2:2:1:1:1:1 220 28 
4:2:2:2:2:1:1:1:1 234+ 84 
4:2:2:2:2:1:1:1:1 315 35 
- dtl (,5) 6:3:3:2:1:1 206 84 
- Enp 4:2:2:2:2:1:1:1:1 203 85 
4:2:2:2:2:1:1:1:1 460+ 35 
- Ep (,12) 6:3:3:2:1:1 211* 35 
- frl (, 12) 6:3:3:2:1:1 410 35 
- fr2 6:3:3:2:1:1 314 35 
- Idhl 4:2:2:2:2:1:1:1:1 331+ 88 
4: 2: 2:2:2:1:1:1:1 319+ 35 
- Idh2 4:2:2:2:2:1:1:1:1 399 35 
- in (, 4) 6:3:3:2:1:1 212 84 
- pb 6:3:3:2:1:1 303* 35 
- Spl (, 1) 6:3:3:2:1:1 319+ 35 
- t (,1) 6:3:3:2:1:1 235 84 
6:3:3:2:1:1 306* 35 
- wl (, 8) 6:3:3:2:1:1 375 84 
6:3:3:2:1:1 205* 35 
- yll (, 6) 6:3:3:2:1:1 299 46 
---------------------------- -- ------- -- -
Adhl - Adh2 (8,8) 9:3:3:1 446 2% 32 
- Amyl (8,) ' independent ' no data shown 3lb 
- Dial (8,) 6:3:3:2:1:1 183 32 
- Gpd (8,) 9:3:3: l 151 32 
- Idhl (8,) 9: 3: 3: l 95 32 
- Idh2 (8,) 9:3:3:1 95 32 
- La pl (8, 9) 6:3:3:2:1:1 110 32 
- Mpi (8,) 6:3:3:2:1:1 105 30.5% 32 
- Spl (8, 9) 6:3:3:2:1:1 263 32 
- Spl (8,) 9:3:3:1 263 3lb 
- Sodl (8,) 9:3:3:1 123 3lb 
- wl (8,8) 9:3:3:1 1375 21% 50 
------ -- ----- - -- -- ------ -- ---- -- --------
Adh2 - Amyl ' independent' no data shown 3lb 
- Spl (8, l) 9:3:3:1 183 3lb 
- Sodl 9:3:3:1 123 3lb 
--------- - ---------- - ------- - -----------
Amy2 - Dial 4:2:2:2:2:1:1:1:1 415 51 
-- - --- - -------- - --------- - -- --- -- ------ -
Ap - Dial (9,) 6:3:3:2:1:1 112 32 
- Gpd (9,) 6:3:3:2:1:1 79 3la 
- Idhl (9) 6:3:3:2:1:1 2 16 32 
- Idhl (9,) 6:3:3:2:1:1 216 32 
- IdhJ (9, 9) 4:2:2:2:2:1:1:1:1 134 27.0% 32 
- Mpi (9,) 4:2:2:2:2:1:1:1:1 82 3la 
- Pgi (9,) 4:2:2:2:2:1:1:1:1 101 32 
- Pgml (9,) 4:2:2:2:2:1:1:1:1 163 32 
- Pgm2 (9,) 4:2:2:2:2:1:1:1:1 145 3la 
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Locus-to-locus linkage assays (continued) 
Loci 
Ap - Ti 
- wl 
Cgyl - Cgy2 
- Cgy3 
Cgy2 - Cgyl 
- Cgy3 
Cgy3 - Cgyl 
- Cgy2 
Dial - Dia2 
- Dia3 
- Gpd 
- Idhl 
- Idh2 
- Idh3 
- Lapl 
- Mpi 
- Pgdl 
- Pgml 
- t 
- wl 
Dia2 - Dia3 
- Gpd 
- Idhl 
- Idh2 
- Idh3 
- La pl 
- Mpi 
- Pgdl 
- Pgml 
Dia] - Idhl 
- Idh2 
- Idh3 
- Mpi 
- Pgdl 
Linkage 
group 
(9,9) 
(9,9) 
(9, 9) 
(9, 8) 
(II) 
(II) 
(,9) 
(,1) 
(, 8) 
1 Ratio 
evaluated 
4:2:2:2:2:1:1:1:1 
4:2:2 : 2:2:1:1:1:1 
4:2:2:2:2:1:1:1:1 
6:3:3:2:1:1 
4:2:2:2:2:1:1:1:1 
4:2:2:2:2:1:1:1:1 
4:2:2:2:2:1:1:1:1 
4:2:2:2:2:1:1:1:1 
4:2:2:2:2:1:1 :1: 1 
4:2:2:2:2:1 :1:1:1 
4:2:2:2 : 2:1:1:1:1 
6:3:3:2 :1:1 
6:3:3:2 :1:1 
4:2:2:2:2:1:1:1:1 
4:2:2:2:2:1:1:1:1 
4:2:2:2:2:1:1:1:1 
4:2:2:2:2:1:1:1:1 
9:3:3:1 
4:2:2:2:2:1:1:1:1 
4:2:2:2:2:1:1:1:1 
4:2:2:2:2:1:1:1:1 
4:2:2:2:2:1:1:1:1 
4:2:2:2:2:1:1:1:1 
6:3:3:2:1:1 
6:3:3:2:1:1 
6:3:3:2:1:1 
6:3:3:2:1:1 
6:3:3:2:1:1 
6:3:3:2:1:1 
4:2:2:2:2:1:1:1:1 
4:2:2:2:2:1:1:1:1 
4:2:2:2:2:1:1:1:1 
4:2:2:2:2:1:1:1:1 
4:2:2:2:2:1:1:1:1 
9: 3: 3: 1 
9:3:3:1 
6:3:3:2:1:1 
6:3:3:2:1:1 
6:3:3:2:1:1 
Population 
size 
2 144 
1292 
341 
273 
82 
82 
82 
82 
82 
82 
131 
147 
290 
424 
415 
217 
415 
256 
415 
224 
182 
330 
415 
406 
173 
129 
106 
119 
105 
288 
104 
194 
126 
126 
60 
60 
171 
148 
156 
2 Map 3 
distance 
9% 
7% 
16% 
'linked' 
?% 
Ref. 
21 
45 
44 
67 
23 
23 
23 
23 
23 
23 
32 
32 
32 
88 
51 
88 
51 
32 
51 
32 
32 
88 
51 
51 
49 
32 
32 
32 
32 
32 
32 
32 
32 
32 
31a 
3la 
32 
32 
32 
----------------------------------------
dl/d2- g 45:15:3:1 ---I 69 
- i (, 7) 195:45:13:3 I 69 
- r (,2) 45:15:3:1 I---3 independent 69 
- t (,1) 45:15:3:1 I genes 69 
- wl (' 8) 45: 15: 3: 1 ---I 69 
----------------------------------------
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Locus-to-locus linkage assays (continued) 
Loci 
dl - d2 
- g 
df2 - yll 
df] - df2 
df4 - df2 
- dfJ 
df5 - yl2 
- t 
df6 - df2 
- df] 
- df4 
- df5 
Linkage 
g roup 
(3.) 
(3. 3) 
(6,6) 
(. 6) 
(,6) 
(l, l) 
(1,1) 
(,6) 
1 
Ratio 
evaluated 
'independent' 
6:4:3:2:1 
6:3:2:1 
9: 3: 3: 1 
9:3:4 
9 :3:4 
9:3:3:1 
9: 3 : 3: 1 
6:3:3:4 
6:3:3:4 
6:3:7 
6:3:3:4 
2 3 
Population Map Ref. 
size distance 
no data shown 101 
2462 4% 70 
1909 
150 
164 
2195 
2203 
192 
189 
202 
98 
12% 
0% 
14% 
105 
9 
29 
29 
73 
73 
107 
107 
107 
107 
------- - ---- -- ----------------------~--
dtl - dt2 
- 11 
el - 1Jl2 
- e2 
- eJ 
e4 - fgl 
e5 - el 
- e2 
- eJ 
Enp - Idh2 
- Pgml 
- Sodl 
- Spl 
- t 
- wl 
(5,) 
(5 ,5) 
(l, l) 
(1,) 
(1,) 
(. 1) 
(,1) 
(. 1) 
(. 8) 
11:4: 1 
9:3:3:1 
9: 3: 3: 1 
4:2:2:2:2:1:1:1:1 
4:2:2:2:2:1:1:1:1 
9: 3: 3: 1 
other 
other 
other 
4:2:2:2:2:1:1:1:1 
4:2:2:2:2:1:1:1:1 
4:2 :2: 2:2:1 :1:1:1 
6:3:3:2:1:1 
6:3:3:2:1:1 
4:2:2:2:2:1:1:1:1 
6:3:3:2:1:1 
6:3:3:2:1:1 
336 
1474 
1980 
336 
97 
81 
188 
227 
111 
230 
376 
247 
203 
320+ 
319+ 
239* 
193* 
39% 
21% 
5 
105 
102 
6 
15 
12 
63 
63 
63 
85 
35 
85 
85 
35 
35 
35 
35 
--- - --------- - --------- - -- -- ------- --- -
Ep - Sodl (12.) 9:3:3:1 346* 36 
- Sod2 ( 12.) 6:3:3:2:1:1 345* 36 
- Spl (12,1) 6:3:3:2:1:1 232 67 
- Ti (12,9) 6:3:3:2:1:1 232 67 
------ - ----------------------- - ----- ---
Locus-to-locus linkage assays 
Loci 
f - ln 
- pl 
- p2 
- rj2 
- rj4 
- t 
- y3 
- y9 
- ylO 
frl - fr2 
- fr3 
- fr4 
- p2 
fr4 - fr2 
fr5 - frl 
- fr2 
- fr3 
- fr4 
- t 
- wl 
- y9 
- yll 
- yl2 
- yl3 
- y20k2 
Linkage 
group 
(,4) 
(,2) 
(,4) 
(,1) 
(12') 
(12 ') 
(12') 
(12,4) 
(,12) 
(,1) 
(,8) 
(, 6) 
(, 1) 
(,7) 
1 
26 
(continued) 
Ratio 
evaluated 
9: 3: 3: 1 
9:3:3:1 
9: 3 : 3: 1 
9: 3: 3: 1 
9: 3: 3: 1 
9: 3: 3: 1 
9 : 3:3:1 
9:3:3 :1 
9: 3: 3: 1 
9:7 
9:7 
9:7 
9: 3: 3: 1 
9:7 
9:7 
9:7 
9:7 
9:7 
9: 3: 3: 1 
9:3:3:1 
9: 3: 3: 1 
6:3 : 3:2:1 :1 
9:3:3:1 
9: 3: 3: 1 
9: 3: 3: 1 
Population 
size 
270 
336 
514 
429 
407 
656 
656 
504 
456 
280 
266 
104 
595 
97 
377 
364 
334 
343 
484 
1919 
481 
300 
465 
485 
561 
2 
Map 
3 
distance 
Ref. 
27 
27 
27 
27 
27 
27 
27 
27 
27 
24 
24 
24 
27 
24 
81 
81 
81 
81 
96 
81 
96 
96 
96 
96 
96 
---------------------------------------
fsl - fs2 15: 1 2555 109 
fsl /fs2 I 
- st2 51 : 13 3076 109 
- stJ 51: 13 1560 109 
- st4 51:13 2707 109 
- t (, 1) 45:15:3 1461 109 
- wl ( ,8) 45:15:3 1196 109 
g - i (3, 7) 39:13:9:3 no data shown 69 
- r (3, 2) 39:13:9:3 no data shown 69 
- t (3, 1) 39:13:9:3 no data shown 69 
- wl (3, 8) 39: 13: 9: 3 no data shown 69 
---------------------------------------
Got - Ap 
- Dial 
- Dia2 
- Idhl 
- Pgd2 
- wl 
(,9) 
(, 9) 
(, 8) 
4:2:2:2:2:1:1:1:1 
4:2:2:2:2:1:1:1:1 
4:2:2:2:2 : 1:1:1:1 
6:3:3:2:1:1 
4:2: 2:2:2:1:1:1:1 
6:3:3:2 :1:1 
543 
541 
182 
188 
192 
298 
49 
49 
49 
49 
49 
49 
------------ --- -------- -- --------------
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Locus- to- locus linkage assays (continued) 
Linkage 1 
Loci group 
Gpd - Idh2 
- Idh3 
- Lapl 
- Mpi 
- Pgdl 
- Pgml 
hs2 - hsl 
hs3 - hsl 
- hs2 
i - r 
- t 
- wl 
- yl3 
(7 , 2) 
(7, l) 
(7 , 8) 
(7. 7) 
Ratio 
evaluated 
9: 3:3 : 1 
6:3 : 3 : 2:1 : 1 
6:3:3:2 : 1:1 
9 : 3 : 3:1 
9 : 3: 3 : 1 
9: 3: 3: 1 
9:7 
9:7 
9:7 
39:13:9: 3 
9:3:4 
39:13:9:3 
9 : 3: 3: 1 
Population
2 
size 
no 
no 
no 
no 
301 
306 
129 
484 
380 
371 
174 
173 
173 
data 
data 
data 
data 
shown 
shown 
shown 
shown 
3 Map Ref. 
distance 
41% 
32 
32 
32 
26 
26 
26 
20 
20 
20 
69 
69 
69 
69 
------------------------- - --------------
Idhl - La pl ( , 9) 4:2:2:2:2:1 : 1:1:1 721 51 
9:3:3:1 350 32 
- Mpi 6:3 : 3:2:1:1 195 32 
- Pgdl 9:3:3:1 108 32 
- Pgml 6:3:3:2:1:1 280 32 
- Pgml 4:2:2 : 2:2:1:1:1:1 595 88 
4:2:2 : 2: 2:1 : 1 : 1:1 706 51 
- Pgm2 6:3 : 3:2 : 1 : 1 131 3la 
- t (,1) 6:3:3:2:1:1 412 51 
- wl (, 8) 6:3:3:2:1:1 203 88 
-----------~----------------------------
Idh2 - Idhl 
- Lapl 
- Mpi 
- Pgml 
- t 
(, 9) 
(,1) 
4 : 2:2:2:2:1:1:1:1 
8 : 3 : 3:1:1 
4:2:2:2:2:1:1:1:1 
6: 3:3:2:1:1 
4:2:2:2 : 2:1:1 : 1:1 
4:2 : 2:2:2:1:1:1:1 
6:3:3:2:1 : 1 
207 
426 
725 
245 
156 
657 
412 
88 
53 
51 
32 
51 
88 
51 
----------------------------------------
Idh3 - Idhl 6:3:3 : 2:1:1 119 53 
- Idh2 6:3:3:2 : 1:1 119 53 
- La pl 4 : 2:2:2:2:1:1 : 1: 1 296 32 
- Mpi 4:2:2:2:2 : 1:1:1 : 1 213 32 
- Pgdl 4:2:2 : 2:2:1:1:1 : 1 201 32 
- Pgml 4:2:2:2:2:1:1:1:1 312 32 
----------------- ------ ------------- - ---
kl - k2 9:3:4 223 90 
----- - ---------------- --- ---------------
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Locus-to-locus linkage assays (continued) 
Loci 
R-2 - Dia2 
- Idhl 
- Idh2 
- Lapl 
- Pgml 
- Spl 
La pl - Ap 
- Dia2 
- Mpi 
- Pgml 
- Spl 
- t 
- Ti 
Lap2 - Dia) 
- Lapl 
- Pgml 
- Spl 
- wl 
J-bl - .~b2 
- t 
~b2 - t 
R, f] - R-f2 
R,n - vl 
- p2 
- rj4 
- wl 
- y9 
- ylJ 
Linkage 
1 
group 
(, 9) 
(,1) 
(9, 9) 
(9,) 
(9,) 
(9, 1) 
(9, 1) 
(9, 9) 
(,9) 
(, 1) 
(, 8) 
---I 
(, 1) I--
I 
(,1)---I 
( 4, 4) 
(4,4) 
(4,) 
(4,) 
(4,) 
(4, 7) 
Ratio 
evaluated 
6:3:3:2:1:1 
6 : 3:3:2:1:1 
6:3:3:2:1:1 
6:3:3:2:1:1 
6:3:3:2 : 1:1 
6:3 : 3:2:1 :1 
4:2:2:2:2:1:1:1:1 
4: 2: 2: 2: 2: 1: 1: 1: 1 
4:2:2:2:2:1:1:1:1 
4:2:2:2:2:1:1:1:1 
4:2:2:2:2:1:1:1:1 
4:2:2:2:2:1:1 : 1:1 
4 : 2 : 2:2 : 2:1 :1:1:1 
4:2:2:2:2:1:1:1:1 
9: 3: 3: 1 
6:3:3:2:1:1 
4: 2: 2 : 2: 2: 1:1:1:1 
4:2: 2: 2 :2 : 1:1:1:1 
4:2:2:2: 2:1:1:1:1 
6:3:3:2:1:1 
6:3:3:2:1:1 
6:3:3:2:1:1 
6:3:3:2:1:1 
9:3:3:1 
45: 15 : 3: 1 
4:2:2:2:2:1:1:1 :1 
9:3:3: 1 
9:3 :3:1 
9:3:3:1 
9: 3 : 3: 1 
9: 3: 3: 1 
9:3:3:1 
9:3:3:1 
9: 3: 3: 1 
Population
2 
size 
301 
319 
307 
301 
262 
322 
3042 
880 
1154 
268 
113 
240 
655 
1430 
936 
412 
211 5 
903 
869 
118 
398 
117 
236 
590 
474 
116 
3596 
3223 
297 
439 
3 29 
297 
380 
297 
Map
3 Ref. 
distance 
51 
51 
51 
51 
51 
51 
23% 21 
20% 54 
24% 45 
32 
51 
32 
54 
54 
54 
51 
17% 21 
15% 48 
16% 45 
52 
52 
52 
52 
52 
92 
29 
35% 103 
26% 103 
22% 27 
27% 27 
27 
27 
27 
27 
------ ---- - - -------------------- --- -- - -
Jl..wl - b/2 
- t 
Lxl - Le 
- Spl 
- wl 
(,1) 
(, 1) 
(, 8) 
'independent' 
12: 3: 1 
9:3:3:1 
9:3 :3:1 
9:3:3:1 
no data shown 
320 
336 
254 
334 
91 
91 
43 
43 
43 
Locus-to-locus 
Loci 
Lx2 - Lxl 
LxJ - Lxl 
- Lx2 
Mpi - Pgdl 
- Pgml 
ms2 - msl 
- ylO 
- ylJ 
msJ - msl 
- ms2 
ms4 - msl 
- ms2 
- msJ 
0 - i 
- ylJ 
29 
linkage assays (continued) 
Linkage 1 Ratio 
group evaluated 
(II) 9: 3: 3: 1 
---I 
---I independent by model 
(, 8) 
(,7) 
(, 8) 
(, 8) 
(7,7) 
(7,7) 
9: 3:3: 1 
9: 3: 3: 1 
3:1, 9:7 
9: 3: 3: 1 
9: 3 : 3: 1 
3:1, 9:7 
3:1, 9:7 
3:1, 9:7 
3:1, 9:7 
3:1, 9:7 
6:3:3:2:1:1 
9: 3: 3: 1 
Population 
size 
74 
389 
372 
2 
1873, 2093 
163 
256 
1384, 1598 
673, 556 
997, 780 
1233, 1596 
1747, 1770 
3000 
2001 
Map 
3 
distance 
?% 
18% 
30% 
Ref . 
22 
43 
26 
26 
33 
65 
65 
79 
79 
25 
25 
25 
105 
105 
------ --- -- ----- ----- ---- - ---- ------ -- -
pl - Gpd (2,) 9: 3: 3: l 378 26 
- i (2, 7) 9: 3: 3: 1 269 8 
- R.2 (2,) 'independent ' no data shown 8 
- Mpi (2,) 9: 3: 3: 1 491 26 
- 0 (2, 7) 'independent ' no data shown 8 
- p2 (2, 4) 12: 3: 1 311 8 
- pc (2,) 12:1:2:1 425 8 
- pd (2,) 12:3:1 475 8 
- Pgdl (2,) 9: 3 : 3: 1 325 26 
- Pgml (2,) 9: 3: 3 : 1 375 26 
- ps (2,) 12: 3 : 1 409 8 
9: 3: 3: 1 251 8 
- rj2 (2,) 9: 3 : 3: 1 421 27 
- t (2, 1) 'independent ' no data shown 8 
- wl (2,8) 9: 3: 3: 1 672 27 
- yJ (2,) 9: 3: 3: 1 595 27 
- ylO (2,) 9: 3: 3: 1 1074 27 
- ylJ (2, 7) 9: 3: 3: 1 672 27 
------ ---- ---- -- - -- ----- -- --- - ---------
p2 - 0 (4, 7) 'independent' no data shown 8 
- t (4, 1) 'independent' no data shown 8 
- vl (4,4) 9: 3: 3: 1 2857 I@ 103 
- y9 ( 4,) 9:3:3:1 351 27 
- ylO ( 4,) 9: 3: 3: 1 705 27 
- ylJ (4, 7) 9: 3: 3: 1 417 27 
----- --- ----- ------ - -------------------
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Locus-to-locus linkage assays (continued) 
Loci 
pal - pl 
- pa2 
- pc 
- pd 
- pi 
- ps 
pa2 - pl 
- pc 
- pd 
- pi 
- ps 
pc - i 
- i 2 
- p2 
- pd 
- ps 
- r 
- t 
Linkage 
1 
group 
(, 2 ) 
(, 2) 
(, 7) 
( , 4) 
(,2) 
(, 1) 
Ratio 
evaluated 
' independent ' 
' independent ' 
' independent ' 
' independent ' 
' independent' 
' independent ' 
'independent' 
' independent' 
' independent' 
' independent ' 
' i ndependent ' 
' independ ent ' 
'independent ' 
9:3 : 4 
6 : 3 : 3 : 2:1 : 1 
6 : 3 :3: 2 :1:1 
' independent' 
'inde pendent ' 
Population 
2 
Map 
3 
Ref. 
size distance 
no data shown 8 
no data shown 8 
no data shown 8 
no data s hown 8 
no data shown 8 
no data s h own 8 
no data shown 8 
no data shown 8 
no data shown 8 
no data s h own 8 
no data shown 8 
no data s h own 8 
no data shown 8 
333 8 
326 8 
212 8 
no data s hown 8 
no data shown 8 
-- -- ------ -- ------ ------ - ------ ----- ---
pd - i (, 7) ' independent ' no data shown 8 
- p2 (,4) 9 :3:4 331 8 
- ps 5 :4:3 : 3 : 1 348 8 
4:2:2:2: 2 :1 : 1:1:1 372 8 
- r (,2) 'independent' no data s h own 8 
- t (, 1) 'independent ' no data shown 8 
-- --- ------------------- - --- --- -- ----- -
Pgdl - Ap 
- Lapl 
- Pgi 
- Pgml 
- Ti 
Pgd2 - Ap 
- La pl 
- Pgdl 
- Idhl 
- Ti 
- wl 
(,9) 
(, 9) 
(II) 
(,9) 
(9, 9) 
(9, 9) 
(9,) 
(9,) 
(9,9) 
(9, 8) 
4:2:2 : 2 : 2 :1 : 1 : 1 : 1 
4:2:2 : 2 : 2: 1: 1:1 : 1 
9:3 : 3 : 1 
9 : 3: 3 : 1 
4:2:2:2:2: 1: 1: 1: 1 
4:2:2:2:2:1:1:1:1 
4 : 2:2:2:2:1:1:1:1 
4 : 2:2 : 2 : 2 :1:1 : 1:1 
6 : 3:3:2:1:1 
4 : 2:2:2 : 2 : 1 : 1:1:1 
6:3:3 : 2 : 1 : 1 
362 
362 
172 
267 
362 
2342 
1064 
406 
188 
1055 
173 
2 1% 
40% 
21% 
37% 
21 
21 
3 2 
21 
21 
21 
21 
21 
21 
21 
49 
-- -- - ---- ---- -- - - ----- -- ------- -- ---- - -
Pgd3 - Ap (, 9) 4 : 2 : 2 : 2 : 2 :1:1:1:1 720 21 
- La pl (,9) 4:2:2:2:2 : 1 : 1: 1:1 386 21 
-- - ----- - ------ --- ---- --- ------ --- -----
Pgml - t (, 1) 6:3:3: 2 :1 : 1 412 49 
---- - ------- - -- -- ------ - - - ----- -- --- -- -
ps - i 
- p2 
- t 
- wl 
(,7) 
(,4) 
(, 1) 
(, 8) 
' independent ' 
9 : 3 : 4 
'independent' 
' independent' 
no 
no 
no 
data shown 
340 
data shown 
data shown 
8 
8 
8 
8 
---------- -- ----------- - ------------- - -
Locus-to-locus 
Loci 
r - pl 
- 0 
- t 
- wl 
rdc2 - rdcl 
rgh2 - rghl 
r gh3 - r ghl 
- rgh2 
rhg4 - rghl 
- rgh2 
- rgh3 
- i 
rjl - y6 
- y9 
- ylO 
- yl3 
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linkage assays (continued) 
Linkage 1 
gr oup 
(2 ,2) 
(2, 7) 
(2, 1) 
(2, 8) 
(7, ) . 
(7,) 
(7,) 
(7, 7) 
(,7) 
---I 
I---
I 
---I 
Ratio 
evaluated 
9:3:3:1 
9: 3: 3: 1 
9: 3: 3: 1 
12: 3: 1 
9:3:3:1 
9: 3: 3: 1 
15: 1 
7: 1, 63:1 
'independent ' 
'independent ' 
'independent' 
'linked' 
9:3:3:1 
9:3: 3: 1 
9:3:3:1 
9:3:3:1 
Population 2 Map3 
size distance 
435 ---I 
251 I--- 18% 
1575 ---I 
375 
no data shown 
no data shown 
340 
139 , 1579 
no data shown 
no da ta shown 
no data shown 
no data shown 
431 
322 
499 
533 
35% 
Ref. 
103 
103 
69 
69 
58 
19 
19 
19 
19 
62 
27 
27 
27 
27 
---------------------------------------
rj2 - t 
- wl 
(,1) 
(, 8) 
9: 3: 3: 1 
9:3:3:1 
429 
429 
27 
27 
--- --------- -- - ----- --- ---- - - -------- --
r j 4 - Gpd 9: 3: 3: 1 318 26 
- Mpi 9:3:3:1 431 26 
- Pgdl 9: 3: 3: 1 325 26 
- Pgml 9:3:3:1 326 26 
- wl (, 8) 9:3:3: 1 407 27 
- ylO 9: 3: 3: 1 234 27 
-- ------ ---- ----------------- ----- -----
rj? - Aco4 6:3:3:2:1:1 101 34 
- Dial 6:3:3:2:1:1 99 34 
- Sodl 9: 3: 3: 1 101 34 
- Spl (, 1) 6:3:3:2:1:1 101 34 
- t (,1) 9:3:3:1 101 34 
---------- - ----------------------------
rmd - fg3 
- t 
- yl2 
( 1, 1) 
(1, 1) 
(1,t) 
9: 3: 3: 1 
9: 3: 3: 1 
9: 3: 3: 1 
120 
673 
674 
I 
I 
I 
14 
14 
14 
------------ -- ------------- ------- -----
rn2 - rnl 13:3 99 42 
---- ------------- --- ---------------- - - -
rpp2 - rppl 12:1:2:1 176 40 
------- - ------ ----- ------- - ------------
rpp3 - rppl 
- rpp2 
10: 5: 1 
12:3:1 
188 
172 
40 
40 
-------- --- ----------------- ----- - -- -- -
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Locus-to- locus linkage assays (continued) 
Loci 
rpp4 - rppl 
- rpp2 
- rppJ 
rpsl - Aco4 
- Dial 
- dtl 
- du 
- hm 
- i 
- Idhl 
Idh2 
- kl 
- k2 
- u 
- Pgml 
- r 
- t 
- wl 
Linkage 
1 
group 
(10,) 
(10,) 
(10,5) 
(10,) 
(10,10) 
(10, 7) 
(10,) 
(10,) 
(10 ' ) 
(10,) 
(10,) 
(10,) 
(10,2) 
(10,1) 
(10,8) 
Ratio 
evaluated 
15 : 1 
15: 1 
15: 1 
6:3:3 :2:1:1 
6:3 : 3:2:1 :1 
'independent ' 
' independent' 
9: 3: 3: 1 
9: 3: 3 : 1 
9: 3: 3: 1 
9: 3 : 3 : 1 
'independent' 
6:3 : 3:2 :1 :1 
6:3:3:2:1:1 
'independent' 
'independent ' 
' independent ' 
6:3:3:2:1:1 
'independent' 
'independent ' 
'independent' 
Population2 
size 
no 
no 
no 
no 
no 
no 
no 
no 
no 
89 
48 
74 
242 
480 
data shown 
data shown 
648 
290 
624 
300 
data shown 
227 
227 
data shown 
data shown 
data shown 
164 
data shown 
data shown 
data shown 
3 Map Ref . 
distance 
22% 
5% 
6% 
5% 
39 
39 
39 
84 
83 
38 
38 
57 
57 
56 
56 
38 
83 
83 
38 
38 
38 
83 
38 
38 
3 8 
---------------------------------------
rps2 - rpsl (,10) 15: 1 1300 55 
--------- ------------------------------
rpsJ - Aco4 6:3:3:2:1:1 181 83 
- Idhl 6:3 : 3:2:1:1 222 83 
- Pgml 6:3:3:2 :1: 1 256 83 
- rpsl (,10) 15:1 200 64 
------------------------------------- --
rps4 - Aco4 6:3:3:2:1:1 189 83 
- Idhl 6 : 3 : 3:2:1:1 216 83 
- rpsl (, 10) 15: 1 200 2 
- rps2 15: 1 240 55 
- rpsJ 15: 1 200 2 
--------- --- ------------ --- ----------- -
rps5 - Dial 6:3 : 3:2 :1: 1 209 83 
- Idhl 6:3:3 : 2:1:1 463 83 
- Pgml 6:3:3:2:1:1 216 83 
- rpsl (' 10) 15: 1 116 14 
- rps2 15: 1 240 55 
- rps] 15: 1 59 15 
- rps4 15: 1 72 15 
---------------------------------------
rps6 - Aco4 6:3:3 : 2:1:1 202 84 
- Dial 6 : 3:3:2:1:1 230 83 
- Enp 6:3:3 : 2:1:1 224 85 
- Idhl 6 : 3:3:2:1:1 227 83 
- Idh2 6:3:3 : 2:1:1 227 83 
- Pgml 6:3:3:2:1:1 394 83 
------------------------------------- --
Locus- to-locus 
Loci 
rps6 - rpsl 
- rps2 
- rps3 
- rps4 
- rps5 
rps? - Idhl 
- Pgml 
- rpsl 
- rps2 
- rps3 
- rps4 
- rps5 
rpvl - rpv2 
- t 
rsvl - rpvl 
- rsv2 
- t 
se - dtl 
- s 
- wl 
linkage assays 
Linkage 
group 
(, 10) 
(, 10) 
(13') 
(13 , 1) 
(13 , 13) 
(13') 
(13,1) 
(, 5) 
( '8) 
1 
33 
(continued) 
Ratio 
evaluated 
15: 1 
15: 1 
15: 1 
15 : 1 
15: 1 
6 : 3:3:2: 1:1 
6 : 3:3:2: 1:1 
other 
other 
other 
15: 1 
15: 1 
13 : 3 
45:15 : 3 : 1 
9: 3: 3: 1 
15: 1 
9: 3:3: 1 
9:3 : 3: 1 
9 : 3 : 3 : 1 
9 : 3 : 3: 1 
Population 
size 
200 
120 
200 
240 
110 
243 
238 
100 
261 
289 
445 
296 
587 
202 
600 
198 
426 
416 
2 Map 3 
distance 
4% 
Ref. 
1 
55 
1 
1 
1 
83 
83 
86 
86 
86 
86 
86 
98 
10 
89 
18 
27 
10 1 
101 
101 
--- - --- ---- ------------- ------- -- ---- - -
Sodl - Acol 6:3:3 : 2: 1:1 277+ 36 
- Aco2 6:3 : 3:2:1:1 280+ 36 
- Aco4 6 : 3 : 3:2: 1:1 320+ 36 
- Ap (, 9) 6: 3:3:2:1:1 231* 36 
- Dial 6:3:3:2:1:1 348* 36 
- df2 (,6) 9: 3:3: 1 224 36 
- df4 9: 3: 3: 1 317 36 
- Idhl 6:3:3:2:1 : 1 120 36 
- Idh2 6:3:3:2:1 : 1 225* 36 
- pb 6:3:3:2:1:1 349* 36 
- Spl (' 1) 6:3 : 3:2:1:1 295+ 36 
- t (, 1) 9: 3 : 3: 1 335* 36 
- wl (' 8) 9: 3: 3: 1 349* 36 
- yll ( , 6) 9: 3 : 3 : 1 439 36 
-- -- --- - - --- -------------- ---- - - - -- --- -
Sod2 - Aco3 4 : 2:2 : 2: 2:1 : 1: 1:1 152+ 36 
- Aco4 4:2:2:2:2:1:1:1:1 314+ 36 
- Ap (,9) 4:2 : 2:2:2:1:1:1:1 282 36 
- Dial 4 : 2 : 2:2:2 : 1:1:1:1 313 36 
- Idh2 4:2:2:2:2:1 : 1 : 1:1 314 36 
- pb 6:3:3:2:1 : 1 348* 36 
- Sodl 6:3 : 3:2:1 : 1 295+ 36 
- Spl (' 1) 4: 2:2:2:2:1:1:1:1 295+ 36 
- t (' l) 6:3:3:2 : 1:1 335* 36 
- wl ( ,8) 6:3:3:2:1 : 1 348* 36 
- -- ---- ------- ------------ ---- - - -- --- - -
34 
Locus-to-locus linkage assays (continued) 
Linkage 
1 
Ratio Popula tion 2 Map 3 Ref. 
Loci group evaluated size distance 
Spl - Ap (1, 9) 4:2:2:2:2:1:1:1:1 117 32 
- Dial (1,) 4: 2: 2:2 : 2:1 :1:1:1 404 32 
- Dia2 (1,) 4 : 2: 2 :2:2:1:1:1:1 125 32 
- dtl (1,5) 6 : 3:3:2:1:1 232 67 
- Gpd (1,) 6:3:3:2:1:1 3 10 32 
- Idhl (1,) 4:2:2:2:2 :1:1:1:1 378 32 
4 : 2:2 : 2:2:1:1:1:1 426 51 
- Idh2 ( 1,) 4:2:2:2:2:1 :1:1: 1 445 51 
- Pgml (1 , ) 4:2 : 2: 2: 2 : 1:1 : 1:1 415 51 
- Pgm2 (1,) 4:2:2:2:2:1:1 :1:1 111 32 
- Mpi (1,) 4:2:2: 2 :2:1:1:1:1 175 32 
- t (1, 1) 6:3:3:2:1:1 708 32% 51 
6:3:3:2:1:1 1186 31% 37 
6:3:3:2:1:1 960 30% 46 
- wl (1, 8) 6:3:3 : 2 :1:1 232 49 
- yl2 (1, 1) 6:3:3:2 :1: 1 996 22% 37 
6:3 : 3:2:1 : 1 960 13% 46 
---------------------------------------
st4 - st2 3: 1, 9 : 7 15 77, 1296 78 
- st3 3 : 1, 9:7 1178, 1171 78 
- t (, 1) ' independent ' no data shown 80 
- wl (, 8) ' independent ' no data shown 80 
---------------------------------------
st5 - st2 
- st3 
- st4 
- t 
- wl 
Sun - Eu 
t - dl 
- d2 
- el 
- e2 
- g 
- kl 
- y3 
- yl2 
td - i 
- r 
- t 
Ti - dtl 
wm - msl 
(8 , ) 
(8 .) 
(8,) 
(8 . 1) 
(8,8) 
(14, 14) 
(1, 3) 
(1,) 
(l, l) 
(1,) 
(1,3) 
(1,) 
(1,) 
(1, 1) 
(,7) 
(,2) 
(. 1) 
(,5) 
(8,8) 
3: 1, 9:7 
3: 1, 9:7 
3 : 1 , 9:7 
9: 3: 3: 1 
9: 3: 3 : 1 
9:3:3:1 
5:5:4: 2 
information for dl d2 only 
6:3:3 : 2 :1:1 
9: 3: 3: 1 
4:2:2:2:2:1:1:1:1 
9: 3: 3: 1 
'independent' 
9: 3: 3: 1 
9:3:3:1 
9: 3: 3: 1 
'no sign close linkage ' 
' no sign close linkage' 
9:3 : 4 
6 : 3:3:2:1:1 
other 
no 
1531 , 362 
1523 , 795 
784, 859 
1584 
1239 
499 
550 
621 
1980 
351 
161 
data shown 
656 
4030 
960 
351 
232 
310 
27% 
27% 
1% 
74 
74 
74 
74 
74 
74 
60 
102 
102 
4% 102 
102 
69 
98 
27 
22% 102 
22% 46 
4 
4 
4 
67 
94 
35 
Locus-to-locus link.age assays (continued) 
Linkage 1 Ratio Population 
2 Map3 Ref. 
Loci gr oup evaluated size distance 
wl - kl (8,) 4 : 2: 2: 2:1:1 600 98 
- rps3 (8,) 9: 3: 3 : 1 280 87 
- rps4 (8,) 9: 3: 3 : 1 256 87 
- rps5 (8,) 9: 3: 3: 1 320 87 
- rps? (8,) 9: 3: 3 : 1 255 87 
- w3 (8,) ---I 
- w4 (8,) ---I 36:9:19 992 38 
- y9 (8,) 9: 3: 3: 1 298 27 
- y13 (8, 7) 9: 3: 3: l 672 27 
w3 - w4 12: 3: 1 1329 38 
------ --- - ---- ------- - ---- ------ ------ -
y3 - g (,3) ' independent ' no data shown 95 
y5 - y4 9: 7 63 66 
- y6 9:7 140 66 
- y9 9:7 30 66 
- ylO 9:7 57 66 
- y12 (,1) 9:7 49 66 
- yl3 (,7) 9:7 41 66 
- y14 9:7 23 66 
- y15 9:7 29 66 
- y17 9:7 46 66 
y9 - f (, 11) 9: 3 : 3: 1 no data shown 82 
- R,n (, 4) 9:3:3:1 no data shown 82 
- wl (, 8) 9 : 3 : 3: 1 no data shown 82 
- yll (,6) 9: 3: 3: 1 no data shown 7 
-- - - - ----- -- - -- -- ------ ---- -- ---- - -----
y17 - y4 9:7 30 66 
- y6 9:7 23 66 
- ylO 9:7 44 66 
- y12 (,1) 9:7 39 66 
- y13 (, 7) 9: 7 28 66 
- y14 9:7 53 66 
- y15 9:7 47 66 
-- --- ---- -- ---- ----- -- - ----------- -- ---
ylB - wl (, 8) 9:3:3:1 225 97 
- - -- -- ---- - --------- - -- ----- -- - -- ------
y20k2- Bp (,12) 9: 3: 3: 1 699 72 
- frl (,12) 9:3:3:1 699 72 
- pb 9: 3: 3: 1 699 72 
- R.1 (, 5) 9 : 3: 3: l 212 72 
- gy3 70.3: 29.7 1003 72 
- y5 9:7 -556 72 
- y9 9 : 3: 3: 1 883 72 
- ylO 9:7 3221 72 
36 
Locus-to-locus linkage assays (continued) 
Loci 
y20k2- yll 
- yl2 
- yl3 
- ylB 
Linkage 
gr0up 
(, 6) 
(,1) 
(,7) 
1 Ratio 
evaluated 
3: 13 
9:7 
9:7 
9: 7 
Population 2 Map3 Ref. 
size distance 
1108 72 
1129 72 
833 72 
981 72 
1
The linkage group for each locus appears in parentheses. If there is 
no number on one side, or the other, of the comma, linkage group is unknown . 
2 
Refers to F2 population size of largest population assayed, or, if ap-
propriate, of combined F2 populations. 
3 Map distances are approximate only . 
+Indicates that F3 data confirm the F2 data. 
*Indicates that only F3 data were used. 
#Indicates that no official linkage group designation has been given to 
this pair of loci , although they are apparently linked . 
@Independent loci within a singl e linkage group . 
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